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(57)Abstract 

PURPOSE: To easily obtain laser arrays of two wavelengths having 
different oscillating wavelengths by forming in parallel on a base 
substrate a first semiconductor laser having a quantum well active 
layer of a specific concentration of impurity, and a second 
semiconductor laser having an active layer of a specific 
concentration of p-type impurity. 

CONSTITUTION: On a (100) m-type GaAs base substrate 1, an n- 
type AIGaAs cladding layer 2, an active layer 3 of a double-grained 
well, a p-type AIGaAs cladding layer 4, and a GaAs capping layer 5 
are formed in that order. Two laser resonators, each formed in the 
mesa stripe area both side of which are buried by the n-type GaAs 
current block layer 8, are prepared in parallel at an interval of 
approximately 100u.m to constitute semiconductor arrays. In this 
case, the conductor for the active layer of a first semiconductor 
laser is of a non-dope type. On the other hand, the conductor for 
the active layer of a second semiconductor laser is of a p-type 
having the concentration of impurity of 1 x 1018cm-3. The light 
emitting energy of the active layer of the second semiconductor 
laser is made greater than the light emitting energy of the active 
layer of the first semiconductor. 
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ftjIB^ l &r/S 2 0SttJ|^7f««t£1R^ «t 9 

v^CL4: €r#m k 1-% w—if ^f, 

n mKTO^LJilK^fertS C t *r*M** 2 IE 

[M*5U] lifiKSBi&T**2<D«ttJ!M:, -*<offitt 

JMl*»e>*S C 4: £#££4: #31 2 |S««0^3K*: u 

-ifSSo 

[n^5] miB*iatj«»2o»ttJitt. 

#F»ff<z>ttSu&*4 0 nmfiilTO^-Xli^ii^F 
6 C 4: £#8* 4: f 6 M« * 2 fitto u 

-ifSSo 

6flH4Jiwtt»«*^, -ttt^»l&t/!B2(0381gjfi 



(2) ^2 0 0 1 : 3 4 5 5 1 4 

2 

fcifc*»*fci-5l(l**2 75S5 0v^ixdMclB«o 

[If ^ 7 ] ittlBElg 1 ©ffittJi**, G a A s , A 1 A s 
XteG a A 1 A s (DO *>4>ft < k h~ o£r^^ $?5V> 

HtJBEm 1 ©afMUfcU'— if#lig#0O^ 7 y Kgri*, I n A 
1 PXti I n G a A 1 P £r^. 

fttJlEgl 2 CDi&teJia*, I n G a P . 3£fi I n G a A 1 P 
JO U 

iHlfi^2 0^«:u-if»igfls:<D^7 5/ KJia*. InA 
1 P3mi nG a Al P Sr^tr ^ t £#m t -rsin^ 

z n <Dmmmm tmm— ttev. 

T 5 2 X tt 7 1B*<0^*«: if 

20 [if ti^r y y ^ h 7 ^ 5 1 ^> 
KfiM^MMi:, HtilS*i, ^2<D^«cu-if« 

^SUtcBSfc^^^ tt6 w 4: k 1rZ>m^ 2 x 
7 gB*03|M*fr u-if 
[■Ml 0) i»E*l<o^Wffu— !f»3t#4:lWHBtK 

HtjfSm 1 ^-if »5gfr 4: BulBm 2 0>HM»* 

if«3t»:4:(DKC Me» l W«S!o*Wf*ss+^a 

j$ t \z£V®i3k£hZ>Z.k $r#m 4: i" 2 |2«<D^ 
^#w-ifi£Bo 

[|f*^ 1 1 ] itufEfg 1 7 5 0-8 5 0 n 

m^^fe y> . BUKS^ 2 0»IB«*tt 6 3 0-6 9 0 nm 

40 ftx*>z>^k &&&k i-zm#m 2 SE*<o^«* i — if 
2] $iflS<DM#M±lc mi^m 

m<om ki, s i o»«ttfi£*ri-ss& 1 ^ 

l2^SI^2W^77Kim<Ht 

ZJLUk. 

& 1 8MI;iS<Dg5 3 <D# 7 v YM, % 2 o»tS«ftSr*t" 
50 icMtSIfii:, 
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Menu* m2<o*miti'-it s mmt*tfc&irz£*>\z 

< ^ fc J: «9 SI l *5 J: tfH 2 <o*«EttS^» 

arrsxaa:, 

UX#»JR«*€r»fli1-Sxaic*5V^-c, 
i»ia^>6WJa:i»«*o*rtfc, z n oi?: z n ffiftjn 

[«#«i4] mean* »2 05p*»u-ifiiiaM(c^ 

HmrfT^l^t < ^ S r ttr J; 9 m 1 J: tff§ 2 (7) 

»«**jc#ur*iatt«*«:«flEi-*xajc*5v^'c, 

[M*« 1 5 ] gj|2G a A s *T«&IR^tlJS«8i 

HtitBG a A sld^RZ n*s^oa:T^?SttJi*X 
t*rW*i: 1 4tMW>aMHtcu- 

[0 0 0 1 ] 

[0002] 

[tt3ferofttff] ift^ DVD-RAM (Digital-Versat 
i 1e-Disk- Random- Access-Memory) v-*-r-MC;Jo(t<5 7fc 
^-f **<&S£i£^ffl#«£ LT, 3 0mWW(O«ttl 
^6 5 0-6 6 0 nm*<D**a#**fl^-tfas«3ft 
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[0 0 0 3] Ld»L*36*fe. ^W«ft«0^**U"— If 
If^fflV^CD-R^fAl: LTii, Jfifi^Mi"^ 

[0004] rfti-cfc* wasr^ftl-aft^-r**** 

fo^ 0 ^oT> DVD-RAMffl(O7 8 0 nm^^ C 
[0 0 0 5] 1f*r-t*t-ett 

fc. 

[0 0 0 6] CD-R<7)7tx^*^£i^i£tf/f 
20 tfX&<> CD-R^CD-R/W(0)fef^^^^f 
f?i&^fc^flg*«fc5K:* 7 8 0 nm»W*»i:»Utt 

[0 0 0 7 ] 

[38 IE a* ft? jfc Li: 9 tt5IM] -h3zE^ct9l-. tt*fi 
DVD-RAMfflO*»i:CD-RfflW*»i:S:»Jf y 

[0 0 0 8] *36Mtt-hIB*«K-«^X*$ttfct3<0 
[0 0 0 9] 

*2 0»««*S:*i-5»2 0*Wff^---if« 

{kb-C, «»K*iav»2(0»««*ou-if*«c»L 
[0010] *»W^*«*^-if»«tt. IS 1 

fc^KD^mMco^l (D^^^y K^t. HtJlS^lco^^ 
>;/ KJi-fcfcWrtSJvfc* 1 o»«»*«r*i-S» 1 
t£S£. H«ffi*lo»ttJiJi^tf;$ixfeJB2oW«S 
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um2(r>*y : 7 4 y^com^m^mm^mm:^ t — if ^ 
mmm 2 (Dfe&m 

v. mmmiRvm2<D&mfc&\zM\^xm&umi$.k 

[0011] ^^r\ mmmi&vm2<Dis&mt)K k 

[0 0 12] HtjfB^lR^2(^^Mf±, 

-^#£1:^ #Ff$i££*T U ftfl^Of§^J1^4 0 n 

[0013] £>SWi£*:, miiS^iS.^2^^ 
ii, i: ^l-l:^^F^/¥^fD^ 4 0 n ml^T^¥— X 

mm* &F&m & m-r z t> <o xz> o x ± v \ 
[ooi4] i m<D^myo&:&j:mzte\<^x, utiiem 
2 <Dm^m<om^w^n^\z.mm^nm^ 
msrir s z.k^xv. %%%\ Rvm 2 (D&mtiL&zm-r 

*o if fttcSt L T*SMX«ige £ ft 6 Atftfi t ft 6 J; 

[0015] jftlESS 1 ©»ttJBaft«, G a A s , A 1 A s 
XHG a A 1 A s CD'>ft< k h 1 O^^, fcSVMid 

ftfe«ft**fc*fc*Ji«»*:tf U iufam l 

"M****** 7 S> K»d«. InAlPMlnGa 
AlPS:^ ^IEi2(OgiiI^, InGaP, Xtt 
InGaAlP^, £>S V ^±CL tb SrJB^-fr^-frfe. 

y KJ1#* I n A 1 PXIi I n G a A 1 P^^t?^^T* 

[0016] 1 > » 2 O^igffc if *Sti£#W# 

fcs^cu:^ zn<»mmmmm-kt£*), 

[ooi7] mm&v 4 -Tuv&teir 

<Dnm7*vtmkLx, ist^mih ^i^t 

Kiiii^ltfc^ ^ofS^tglc^tft-^ r-u^y t 
j&«fiFftu :^fo/<y net uti^a^r^ns r 

z>z.kt>xzz>o 

[00 18] mffiKl^WflcU— lf#Jfi*i:«rlB«2 

latg i a^v* i^-if mmft t m^m 2 <n*m» 
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[0019] BUiam 1 0»«*«3ft s 750~850nm 
9 x stjlS^ 2 0$Sfi««# 6 3 0-6 9 0 n 

[0 0 2 0] l'— if^SOjSig^ti, 

JR 1 ^llO^^^MK^ » 1 ^IS^S 1 <^ 7 
70 y KS, £ l ^M^^tt^^ 1 m 2 m 

nM<om2<Dt ? y KS^>ft< t 1 <D*m 

fls:u-if«3g«:^^ h7>f ^W:»flct5Iit, 

2 0ffitti % S2»f®0)S4W^7y K/i£'>ft< £ 
t^Ti-^|g2co^(*:u-if«ig«:Sr^ Y^^Cfm^M 

m^^^milBM 1 S.T^m 2 (omteMn^i/ K^f-t y 

xm^, meiBi, ^2co^^^-if^it^^^^ 
^12^ h7^ ^*isj i w-n^m i RtKm 2 o«ae«5B 

UT^ 1 2 (^**fls: if «igff 

»K«r^i"5XSi:, «rtBSB l , S2^«*i/-f 

[0021] *»5S«:^flci-?)XS^*5v^T, 

[0 0 2 2 ] fo^l/Mi, ^M^Mt6Ii(^V> 
yZhtzG a AsI$:Z nk»»i:tSZ n<0@*Bta:* 

[0 0 2 3] BUnSG a A s jRtt, **&JR«l*B«c*S«- 
^> BUIBG a A si^^Z n&Z<Dm.T<Dfe&m*X 

m&irzzkhXZZ. 

40 [0 0 2 4 ] rO«t iKM^^^-f^- 

(75 -if BSr^liifSfltJSir-t-S w i: I- <fc 9 i«ttl*»fP^ 
^irft 1 ?, DVD-RAMi^it/DC-Rffl^f 
j^t^vm^&^'rro^kfrXZZo 

[0 0 2 5] 

[oo2 6] ^fe-r^ jSKojs«o^iBia5^**^ 
50 if^g^^st/^c^K^^^ov^-cia i -si 5 &m 
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[0 0 2 7 ] m 1 (a) (C^Sftft: £ 0 \Z y n-GaA 
s£4Kl±UK i¥£0. UmWn-GaAs^777 
|2, Um^n~InO. 5 (GaO. 3A 1 0. 

7) 0. SPfvv KJf 2, m$ 1 5 nmOGaO. 87 A 10. 
13 A s fe&m 4 N m$ 1 . 1 M mCO p - 1 nO. 5 (G a 
0. 3 A 1 0. 7) 0. 5P^ 7 y KJi 5 % 5 0 n m^p - 

I nO.SGaO. 5Pii«£gJf *T«fc&JRiafflj£*ffi 

(i^T. MOCVDSfc^5) K J: 9 

[0 0 2 8 ] w<7}*&, #^2~6^j^i o 0 /x raOiHt 
^5 cfc9^ M^ttl 0 0 m m<OX b7^ZfVt<Di/V = 

(b) IC^SiXfcJ: ^Id* h7>f^Sl^**U 

[0 0 2 9 ] »f»5tft:8tt. CD 

-R^C7 8 0 nm»0»«**^»«i-S*ilM*:U- 

[0030] ckdsl =ySHkK7 at 
l^¥«(|cu--if«|it*8oAK2:mW^ Hi (c) 

{C^^tvfc X 0 M> I?£ 0 . l^raWn-GaAs/^; 

7ri9, f$l. 1m m<£> n - I nO. 5 (G a 0. 3 A 1 

0.7) 0.5P^77KIlO % f$5 nm^^Ii^ 
IK 1 fi m<D p - I n0.5 (G a 0.3 A 

1 0. 7) 0. 5 P <7 =7 y KJI 1 2, f^50n m<7) p - I n 

0.5Ga0.5Piim«SSl 3£, MO C V D&C: «fc 9 JIM 

[0031] fe&mi mias (c) i-^^tv 

fcJ: 9t-, 5 nrn<D3Jltllii<7} I n 0. 59G a 0. 49 P 

^Ff2 9a, 2 9b. 2 9 c, f^5nmt2lii| 
<D I nO. 5 (G a 0.5 A 1 0.5) 0. 5PP$|gj§3 0 a . 3 0 
b«r#1-5#«*^#F«3»*r, f$30 nmco I nO. 
5 (GaO. 5 A l 0. 5) 0. 5Pft;tf^ K12 8, 3 1 T^Ay 

[0032] -o^, jsio*«w*i^-if«iafcn* 

l:, *|9-13 1 0 0 ju m0>*r?«5 J: 9 UK ffi 
(d) Ic^^ti^iJ; h7^^«^^2co^^w 

[0 0 3 3 ] Z.<Dm2<D*mftl'-1fmmi 51*, DV 
D — R AMfflU 6 6 0 nmff^tlKfttMt^^ 

[0034] ^y^y^H4^«c 

(32 (a) \Z7jki$ritz£0\Z, ^h7>f7 P Ml^«t 
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[0 0 3 5 ] 12)2 (a) (C*3tt5A-AftT»C»5«Wfffi 
&m2 (b) lC^i" 0 I2 0^#l/- 1f«5t#l 5<D 

[0 0 3 6] C<7}t&. IU2 (c) «fc 9 CK y 

£r K-fy^UtGa Asil7^3 |iraWf$l:M 
OC VDmizJ: Dl«a*t5. Cw-C, (212 (c) K 
*3«t*A-A»»c»5K*rffi«ria2 (d) [SK 
10 i>» =*^mt!&l 6 £r^*^ h Lfc*Kl**a«^fctT 
fc>*b1\ > y a i'SfbK 16±CGaAsIl 7 

[0037] GaAsll 7 frj&ft 

^tlf:GaAs!l 7**^ »1, »2 0**ftl/- 
lf«3g*8. 1 5©»ttl4Ri;i l^Wf^tS 
tt"C. ^^V^iXCOn - I n0.5 (G a 0.3 A 1 0.7) 0.5P 

20 8 &ffif$.iT% 0 

- [0 0 3 8 ] CC^Z nCDfcm^X 9, Jg 1 *5 i: t/S 2 O 

tt»4. nhiittB4, l l *r#tr*7y KS3S. 

[0 0 3 9 ] K^r-Y y^OHJDitt, 

*IM5£\ ««feJi4. Ht^±T0^7yKl3& 

^77^3^5, 1 OMl 2 d*btt:»Lfc5c 
»#SttJi4, 1 1 ^^t)ii*4xSwi:^J: 9. K 

[0 0 4 0] *^J£^?f^-Cfi, Z n <7>tt»*tt, 
Sl-Zn^ K-tV^LfcGaAsIl 7 Srdc*i"5 t 
#<0/SftfflLa^fS*B*l»k GaAsI170lI, Ga 

40 5 C Z n(D K— tf^^SI-<t Z nt£»ft4r 

[0041] ^ y 3 

[0 0 4 2] *tm<DWs1&-Z\±. IK 12 <^^fr U- 

1 2<^a^;i:/?$^[^-^^$ix-CV>5 0 iot, IS 
14Ji4. 1 1 \zmi~Z>Z n<D&m&tt\Z&m—kti:Z> 9 
[0 0 4 3] L*»Lftj&«fe, Sis JB20*W*W-lf 
50 «3gft:^*5Jt5SttJi4, 1 KOtt«i:JR»liS4o-C 
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I^So J:or, ?£t$Jf 4, 1 1 t^its P 

?£teJl4, l U^^7yKi3Wl 2i:»0. 3m 

S#OPL**^7Mfl, ^ftl^5 0nm, 3 0 
fcfctCfi, ZnTO:J:5PLMV7M^10nm 
[0 0 4 4 ] «l^T% XgfcdJ: O^Lfc^tWi: 

[0 0 4 5] JSttJlOiPSASRIC-CfcStfrfrtt, 
f£ttJI kt v v KJH k <Ds<is K^r-Y s> VMS if 

kji t m&m t <Dm-?<om&mt \z «t 5 <o 

[0 0 4 6 ] £*bKl, * 7 y KB^JSS^afVMSiffiH* 
■ lc*-J-SZ n <ftS; J:oT, SttJI k 

U PL»S^7hi^t<45, 
[0 0 4 7] *Jttto*tt-eii. Ik S2 ^ 

— if«jg*IC^V^ri^D»$Td»o|^D I n0.5 (Ga 
0.3A10.7) 0.5P(7)M-C^7^ K»*r«*L-CV^ 

Lfc»S\ tJiW© f-f ©iSttifcltS Z nICR 

tl: l Onm£*_LcoP Lj&Sv-^ h^d^b^fco 
[0 0 4 8] I n0.5 (G a 0.3 A 1 0.7) 0. 5 P £r 

Onm^FU— ifl^fil 5 nm<OG a 0. 87 A 1 0. 13 A s Sr. m 
5 (c) \^£thtzJ: 51-, 6 5 Onm^u— !fT-fi5nm 
CO 3 SO I nO. 59G a 0. 41 P^F/l 2 9 a ~ 2 9 c Rtf 
ff$ 5nm<502/§GO I n0.5 (Ga0.5A10.5) 0.5P|^M 
13 0 b^f)45*lt^FjUilSr, JP3 3 0nmOI 
n0.5 (Ga0.5A10.5) 0. 5 Pg 2 8 *5«fctf 3 1 "C^A, 

[0 0 4 9] 7 8 Onm^U—if-Cli. G a 0.87 A 10. 13 
A s £4 0 nm^Tin: t-«fc V. £*:6 5 0nm?$ 

n0.5Ga0.5Pi: LTJ?££3 O nrnJ^T £ i"5 w t t-«fc 
5, ^ix^ixoSttSTfl Onm«Jbott«k^J:SPL« 

[0 0 5 0] ^t, 7 8 Onm^U— iftc*5V^Tt>, 6 5 

zk\z£vxm&m<Dmf$,&±fri-z 0 x^x, mmm 
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[0 0 5 1 ] **JfiO^!»"C*i. 7 8 OninWU— ?<n>? 
?y KJIfc I n0.5 (G a 0.3 A 10.7) 0.5P«S:/B^T 
t^G a A 1 A s/HSrfflV^Tti&^o 

[0 0 5 2 ] fcffU wO^I nO. 5 (G a 0.3 A 10. 
7) 0.5P/1 J; 0 ^'O K*ir yT^^/u^j&M&V^A 1 » 
f&\Z-fZ>k. ra^PL«V7hf^$<45o 
J;oT x m^l£UrettJi*:4 Onm^Tici-5^ £ 
t\ In0.5 (G a0.3A 1 0.7) 0.5P/1 <Z>»^£HSii£ 

70 t LTfgli^^G a 0.87 A 1 0. 13 A s , ^7yKlSrG 
a0.5A10.5AstLfc»^ SttJIfftr 3 0 nmlc-r* 
w <h J: 0 fc£tfcB£<0 P L^V7 hflil 0 nmJ£X_b# 

[0 0 5 3 ] Jfcfc, [H2 (c) atf (d) ^)Znfe|I 
[§I3 (a) RXf (b) iC^LfcJ:?^ ^ftS^ 
Zn^K-fy^^iltGa As^l 7 y ^ ^ fc: 
J: 0Sl!>Bfe#, 7 8 Onm^U— 1f&l*6 5 Onm3H — if 

oiia^Ji 6 i3oH, > y = is&itm i 6 a> 
^ js a ^ * * <b raj l t v * s s-^^-r 6 . 

20 [0 0 5 4 ] El 3 (c) , S.tK[U3 (c) CO A 

-Amz&?mmm*7F-t-m3 (d) ic^ufcj:9tc, 

h7^7 p ^7 8 0 nm^ u— tf fllagflcRt/ 6 5 0 nm^ U 
- J fm^±\Z, «»4|tm0^h7-f^v'!)3y 
$HfcMl 9^2 0^^fS^^^^^^c"t"Sp 

[0 0 5 5 ] (§14 (a) \C^\_stz± 
iat, V^v^isym^k *) p - I n0.5 (G 

a 0. 3 A 1 0. 7) 0. 5 P ^ 7 y KJf 5 1 2 

50 [0 0 5 6] 04 (b) U/ict 0 *S V 

=t>mtmt)*bl&Z>V h7^/Miv^^ 1 9 

ari t 2 0«rfflV^fi^rtyrl« («ttf, n~5El 
6/cm3) COn — G a A sl2 1 ^ 1 /imlM^ 

^^ici^^^yr^jk (^Jx.wr, n-5Ei8/ 

cm3) Wn+-GaAsl22^lMm^f^tS 

[0 0 5 7] [3 4 (c) IC^-TJ: 5 iC N 1 
2 0 Urd^s *«&JR^*ifiJc*ft «t <9 P ~ G a 

^0 As3y^ni24^3/im^lU pl^25& 
(/nil2 6^Mt5». 
[0 0 5 8 ] [gl 5 (a) £.tfEi5 (a) (DA-Affi^ 
5«WffiSr^i"ia5 (b) 9 7 8 0nmf i/ 

-Iftfljtflci: 6 5 Onm»u-1f»5Sff«r^«i-6^u6o 
ft 2 7 k^vZf#m<DlZtb<Dm3 2iSr^xy hxyf 
y^R I E (Reactive lonEtching) WECR (Ele 
ctron Cyclotron Resonance) ^wK7^f ^yf ^^Iw 

[0 0 5 9] fc^lL, W»«i2 7W^»«8 
JO 3 2«li, n-GaAs$Sl^ZnttW«3 
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3 t Ztl^tMD U— tf ffi&U<Dmm&<D Z n 3 

[0 0 6 0] Z n tfcf&fil^ 1 8 <DmZ*$k-Q 7 

8 Onm^u-lftffitft:^: 6 5 0 nm^ If i£#<D^n 
^ftcD^ggtcffil:^-- t&fl U t!po, 7 8 0nm^U~ 
■Sf«5S*t 6 5 0 nm^U- if^^^r^tfJ: 9^^^ 

[0 0 6 1 ] 7 8 0 nm^ if tf|i£# £: 6 5 0 nmS? 

[o o 6 2 1 ±mmm<Dftm-?i*. yy^h?^^ 

i^cffi^v-y 1 9&t>*2 OCOflfl 

^^i^l OOMm, p^@2 5±ICi*l5 0 u m<D 

^50i/ma, EI2 (b) -e* h^-r^^^^^ 1 

6£r*I**8 6 0 /iraTM 0 ^ m^ffi^fclKMt^ 
^ £: Icj: 9 . 9 0 0 ^ mT*««a*i*f#&ffi-e 

[0 0 6 3] &*3, ^7^^113 2 <Df|iid\ ^y^ffl 

[0 0 6 4 ] *H16(7)^ffi|w «fc 5 » feh,fcrtt*SR«5t 

5wt^4v\ !^B$K, p - I n0.5G aO.SPilltSS 

3^^itlfl5-e^ , 9^^^rv>5o J:ot, 
p-GaAs3y^ni24i:, p-In0.5 (G a 
0.3 A 1 0.7) 0.5P^ 7? KH 5*3*1*1 2COflflCO*:£ 
^-rn/< y Tic* Vi&m&ffitlZ V -tmffiteyt^ 

mmztiz, ^ot, *^a« (cod) ^^<^c^ 

[0 0 6 5 ] **«6oWia-ett. hf24^ 

SfcfcKl, iim^^i: Lt p - I n0.5G a0.5P^ffl 
V^T^So L^U p-GaAs3V^n§24^ 
KJlS&tfl 2 ^(DlStf^fBltt^vK^iry^Sf 
SotOTfettfi. G a A 1 A s&<Dm<Dj§-?hm2W\ 

[0 0 6 6] *Hlfc<7>^fg-m, fiaE^ny^/I 

2 3l^t!)r»a (#Jxtf, -5E16/cm3) 
(On — Ga AsJ§2 1 £#}1 Mm, £fci^3r-Y ^ T&Jg 

(fctxfi\ n-5E18/cm3) CDn+-GaAsJf 
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[0 0 6 7 ] &*5 % J&^-V y T&g (i'tlin-5E 1 
6/cm3) (On — G a A s I 2 1 b*) Ici^t y 
T&JgcOp — G a A s (0»Jx_tf p - 5 E 1 6 / c m3) 
/imMLtt(^ai: 1 GH zig^TOlilli 

[0068] *ntfi^lB-ei±s i&^tyril 

mcOn — G a A s J§ 2 1 ^lES^^CD&^CD^ 
igfru— -f<D p — I n 0. 5 (G aO. 3A 1 0. 7) 0. 5 P * 7 
y KB 5Rtfi 2 £«ltv*S, rSf#o^ 

/o ®t-*5v^r^:f i^fn/<y ra*#«EU y^v?^ 

[0 0 6 9] wCO^irtl. n GaAs§2 l(7)fb 

9lC{g;3r^ y T^JgcD p — G a A s (fc £ p- 
5E16/cm3) £Ji3V*fc»&fcH«"Cfc5o 

[0 0 7 0] iK««fi»»f^SrL<fcV^»^i, m 

at^oy^i2 3«:ii5^yr*J (ffilx-tf. n-5E 
1 8/cm3) CO#} 1 /z mCQ n+ — GaAs|2 2 felt t 

[0 0 7 1 ] #^Ufc**^*tffi-e^>#i4^^J 

20 tel/c^ e 5 onm^u—ifr^i, ^nmmmft-e 

^7 0mW^M^#^to 7 8 OnmWU"— *f"C 

[0072] tztzL. ^y^®tcs:^^j*Lrv> 

iaotM^^o r.*Ui* ^t^aiS (^T, cod 

[0 0 7 3 ] *«3t*r*L-CV>ftVM^-1fT?tt, v^fti 
tf-efc 2 OmWl^-CCOD^: It 

[0 0 7 4 ] r^lC*J-L. ±iai«6<DJgffi-CttfS1ll3S«: 

[0 0 7 5 ] **HsroWtt-CJi, -JKftu— tf^fi6$ 
So iot, 5 0mW£JlT^^t^y^«4t 
10%, ^®-C^9 0%lc45J: 5*EftHf«ifiS:S:tt 
-i:^<, 5 0 mWK±©*ffl^»S ^ t i^ffitfc 

[0 0 7 6 ] *|gM<^«2 0|tlfi«>?glB^i:5^**u 

[0 0 7 7] 1216 (a) _hfB^ 1 CO 

lllfiO^ffltHWI-^ h7-T^co7 8 0nm^u~ifco 
m^ft3 6t^ * h"7-<y^<0 6 5 Onm^U-ifco^lat 

50 J&Si-So 
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[0078] ^<nh%<ni S 0 nmS? u~ if otSigft: 3 6 
<OB-B»lc?&^«»fffiSrig6 (b) lw^-T e 6 5 0nm 

mm t rn&x-h s it $>m.w s „ 

[0 0 7 9] 7 8 Onm^fU— »f^«agfls:3 6 IC*5V^T± 

9 (c) lC^L^«t9^. 7. 5nm(DGa0.9Al0.1 
As^F§4 0 aM4 Obi:. 5 nmCOGaO. 6A 1 
0.4 A s KM 4 1 *^<t6*«ft^#F«5SSr3 0 n 
m(DG a0.6A 1 0.4A s d>t>j&££ 1 KS 3 9 70 

£S 2 Kg 4 2 fc-Ctt3A,*a*»fc Ufc^"C*> 

3 0 

[0 0 8 0] *Hlfi(0?KlB-Ctt H flM4JBo#FS^>i¥$ 
JiEJBio*lllSO*llB*c*3tt5iSttJi^»* 
irl^D-CfoS^-e, Zntt«l:J:5PL«*V7Mtt 

[0 0 8 1 ] ***^#F«ifii: UfctB^-Ct, 

if^Fl^SI^ftA s 4 OnmJ^TT'fotL^^ Z n& 
»KJ:S 1 OnmJ^jKDP L«Ii/7 h«r»5:iiis-e 

[0 0 8 2 ] *3HfiOj^lfi-ett, Ji^UfcJ: 51-650 

6 5 0 nmff U-f <Oftttil±» $ d« 3 0 n mfii T*C 
fcfttf, I n0.5G a0.5P#<7>^^it^ffiVNTt)i: 

*>3»#tt, fflKO«3fi©***^#F«3t"Cfco-CtiZ 

[0 0 8 3] (216 (c) % HI6 (c) <DB-Bm^0 

wmm^irme (d) tc^$ttfc«tpic, v^y^yi 50 

fcGaAsRl 7£r, ±tBSlo^JS^ffii:^t-^ 

5-7;*^ 1 6;^#&L&l^l^t-iMlRlftl-Z n 2:&ft6:£ 
■frS, ^(Dt^(D^ 7 8 OnmffU — • tf*ig#3 6 0itt 
135, *5«fctf6 5 Onmffl/- If «5tfr 1 5(^iSttil 
10Zn«:»l:i:5PL»fi^7MW:, ±1285 1 O* 

[0 0 8 4 ] ^CL-C\ ±|BIRl©»lSOWttfclWI»C, 40 
Z n&j&^t LT. ZnO, ZnSe, ZnS, ZnS 

n S S e»OW*MwMLTtt, *«&JR«t«fiSSiSfe^ 

[0085] ^BtfttcfTP^an. *r«&JRSt 
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[0 0 8 6] CCDtg, (217 (a) RtfE 7 (a) <£>B- 
B«U^5ra«ffi£^Lfcia7 (b) ic^UfcJ: 9^, 
±E* 1 OWlOStt Bil-Z n ttttli: LX<DG a 
Asl7^0i< o ±tSJB 1 0**0*tt-Ctt, 
tZ n#£»«50p- I n0.5G a 0. 5 P ilH^Jt 6 &tf 

1 3 £-7*^ 1 6£/^Til^fttc{&ifei-5o -ixlc^J- 

[0 0 8 7 ] Z(D'&^ ®7 (c) 5.1/(217 (c) COB — 
Bj»^^9«Wrffi«:^U^EI7 (d) L*:«fc 9 (c, 
1 6 S:Kif9B*v^a, «iftl&^j£©rt:«>(E>* h7 

[0 0 8 8 ] r.CD^ h 3 7*5iltf3 8 $r 

ffl^T, HI8 (a) &tf[2]8 (a) <0B - BjSKte 5 « 
#r®£^Lfc[2]8 (b) fc:*LfcJ:5fc, p-In0.5 

(G a 0. 3 A 1 0. 7) 0. 5 P ? 7 y KJ§ 5 AX* 12^ ^ 
h€WStti3 5Rtfl l^bO. 2/im(Dfi8in 
h7^^xyfy^*U -7^^37S 

[0 0 8 9 ] CC7)^ N [2)8 (c) Rrims (c) COB- 
BH^te 0 WSm^ Lfd(2I 8 (d) tw^LfcJ; 

LT> &**VTWk& («x.WT, n-5El 
6/cm3) On — GaAs|2 1^1 /imTO^ 
* y T^jg (0»Jx.tf % n-5E18/cm3) COn+-G 
a As|2 2£#)1 /im^»7'Dy^i2 3 £ LTii 

[0090] 1(7)^, Zn«W:, WSKyay^ 
§23 #ff*El-S;£#±K3S 1 <D%1&<Dl&mk 
[0 0 9 1 ] £<bKl. JglO^Jfi(D^I6^l^«^. 1219 
(a) Rtf (b) teUJ;9l:p^2 5Wnti 

2 6^«Ua, »K»2 7&U?3 2 Sr^fiK-TSc ^ 

[0092] w^-e> if <D&mm&. 

[0 0 9 3] fttiU^jolMBtt:, ^tb-ett<7?»lgifi*^* 

[0 0 9 4] *m&<DB1»\Z± i?#^tbfciZ:^gU-Hf 

[0 0 9 5 ] f:f:U *Hlifi0^1BT?tt. ^fil^^J- 
p- I n0.5Ga0.5PiMBSSJB6&tfl 3**«oT*5 

[0 0 9 6] Z<DlZ*b, *S«ft^9 0 0Mm(Oi^ 
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[oo9 7] *fc, m^^n 

y^i^l^m^df^yrfilt (0*1 n-5E 
18/cm3) On+-Ga Asl2 2^t'Mltt 

JiTt^V\ L/!>>U #81812 7^3 2(Di^ f^ifi 
SSr^^tU^tLOU— tfO^ h7-f ^iH«t 9 fcffiWttfc 

[0 0 9 8] ±1BJB, !2(Oll(7)fl(ailH SI 

[0 0 9 9] *iat^jg 2 <Z>***U— Sf«»flc 

©JSttJl** H(C40 nmE*T<& WiKd* h$LZ> Z. t X\ 
H«*»OU-1fW»ttJI^*a:»«l-*3V^r, 1 OnmJ^ 
±OZntt»I^J:5PLtt*<D«**{k*«»fe^ 

[0 100] :^Znra^^^rItt*ii^7- 

-if k Lr-^y^_btci**i-5r fc3ft*T*S 0 
[0101] Si Rt^S 2 u- if«igflw8H£ 

[0102] mi RXtm 2 <Z>¥4*#: U-1f1fH6**>8tt 

[0 10 3] llE3^3|ifii»ffi«kXS(-*5V^-C. Sl&tf 

3F«*«rta:«rSwi:-e, JS lXt/JB 2 
i-SfSttJi wt£*ffi««r-ttu-eixS l &tfS 2 <z>^^ 
*t lsX&Mi£k t£Z> J: 9 \zM&t*> Z. k -CSiigxm^M 
-^y^_h^^^-^^ig#^i — if 

[0104] jgl o¥Wfr -if «ig{fctf>S l <o$g*gi& 
fi£*Tl-*EH£Ji«\ GaAsJf, AlAsi, GaA 

Si o*W*w— if«3t*«>^^y KJia* I 
nAl PfcKfil nGaAl P 9 , 312 
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/<* 

riS, InGaP, I n G a A 1 P ^WWfc £ V Mi ft <b 
tfjg^co^ y >y KSfl* I nAl PtKlil nGaAl 

[0 10 5] WSJH&^w-ifw* 7y K«^#l 

70 tt^Xfi^ ^ t ?&5-C# So 

[0106] z.<Dtz.#>. ^v>^^n—^y7 p ±i:r 

[0107] mi. m 2 ^^^^-ifUlJt*^^ 7 7 

KJlSr-ttt-ettCTDI nGaAl P^TOtCfaitC 

xv, mis— -?<dv h^^f^yf^ia 9 

^^f^u— ifr*J5*^D-CfeSO-C, ^«fc<p5]W-if 
20 $3^t/S2(D**fls:u-if«agffo^7 7 Ki^BWi: 

So 

[0108] $ bic. nas^y 7v** h9^rfm^^ 
•rztzib<Dnffiy*y*mk^x, 4&»m*&&mkm 

felItIlMl2<DM*^- iffllatflcco^ 77 KJf 

y 7^ h7>r :/»K««a***£ft3«t 5i-«»** 

[0 10 9] dftl-J: 9, m^^D y^IOp-nft^ 
fc L< fiSifc^n y^liWMfl — if^>S2^ 

m^^s 2^77 ksw^>'p -ng^cM^n^ii 

[oiio] f«tt*»ou-iffct(j:i««« 

/ << x^^-r 6 r t ^ pits t ^^, 0 

[0111]*K »2<Z>^W#:u-if«5g#:t Sr«^. 

ii, »2o***i/- if*** 
40 torn \zm-mm,m<o*m<*mfo* i^mir * ^xco^mm 
mmztix&v, mi^mm^-^mmi^comm, 

t?»f9l»d»n"Cv^S»3Si:i-S-tl-J:!?, ^77 KS 
<DWmztetfZZ nt£««S«Rt5n-G a A sStR*<^ 

[0 112] wix^ffttct 9, W**#u~1fds«^«) 
z:«S^-if«r-^7^ , Jit- 
50 - 
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S M «fc 9 »«rt- 5 fc * A v \ 

[0113] ££— 7 5 0-8 5 0 nm«r, % 
Z!(036tBK*d« 6 3 0-6 9 0nmi:^6 J: 3 tc?£te®<£> 

[0 114] ±E**WO***t^— iFtt, ^^P^^® 
it^Slc J: 9 ^1*5 i So 
[0 115] ±aEL^3t*oW»i— «-C*>9 , 44S9i 

[0 1 161 

— tfgaa^^siag^fet-Jinfi, ^iwi2^ 
y y±^z.$L&ft(D is—?m&<£$:mf&-tz> r t x% x 20 

[01] **WoJBl©*16o«ttJcJ:SH fc *ffu---if 
[0 2] HJBl<oj|lfc<o«tt^J:S*Wflcu-ifo#a 

[B3] i^fgi <omtb<oj&Mz£*¥m#i'—if t <omiak 

[04] MIBiojtJlto«ttfcJ:S#i»flcu-if©«a J0 
[0 5] B!Bl<D|tlS©*»cJ:S*i»*^— l^olllJt 
[0 6] *»W<DK2 0j8IB©*lBlcJ;«*WffU'--1f s 

[07] m^2(ommmm^x^^^—f(omm 

[0 8] |^m2(D^Jfe<7>ff^(Ci:S^«s:u— if(D^it 
at^fiiiS^^XSgiJI-^Lfe^^F-^ia^fffiia, 
[0 9] |^»2^jKo^«8lcj:S^**^-^»5S ^ 

at/sjaS^ffi^xasij^^ufesff^^wsfffiBio 

1 n - G a A s J3s& 
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2 n — Ga A s/<y7 7l 

3 n - I n 0. 5 (G a 0. 3 A 1 0. 7) 0. 5 P ^ =7 y YM 

4 7 8 0 nm&m&m 

5 p - I n 0. 5 (G a 0. 3 A 1 0. 7) 0. 5 P * y v KS 

6 p- I n0.5G a PiiH^BJI 

7 (vyayswbK) 

8 7 8 0 nm&<D*m# I — if *RS 

9 n— GaAs^y^rli 

10 n-In0.5 (Ga0.3Al0.7) O.BP^^y KJI 
1 1 6 5 0 nm«Jgt£Jf 

12 p — I 0. 5 (G a 0. 3 A 1 0. 7) 0. 5 P ^ 7 y Kg 

13 p-InO. 5G aO. 5Piim^B/f 

14 -^^^ (vy^y^bi) 

1 5 6 5 Onm#o¥*fcw-iffllit 

16 (vy =^mtWk) 

17 Z n — G a A s 

18 Z n &ftfc$l*5& 

1 9 7 8 Onm^U— if y V y ^ T'J&fS.m-*** 

2 0 6 5 Onnv^U— if y h^^/Mffi^^^ 

21 n" — G a A s 

22 n + — G a A s 
2 3 Mtitty'v 

24 p — G a A s =3 1/ $ $ YM 

2 5 pili 

2 6 nili 
2 7 

2 8 I n0.5 (G a 0. 5 A 1 0. 5) 0. 5 P YM 

2 9 I n0.5Ga0.5P^FI 

3 0 I n0.5 (G a 0. 5 A 1 0.5) 0.5PP$!£jf 

3 1 I n0.5 (G a 0.5 A 1 0.5) 0.5P#-f YM 

32 +y?&mmm 

3 3 n-G a A sSW^)Z nfc£ftfc#15 

3 4 U-Hf»ag«(OlSfffidB<OZ nffitfetHS 

3 5 7 8 Onm^U-ifO^ttS 

3 6 7 8 0 nmW<D^Wfls: if «af 

3 7 7 8 Onm^U— ifffi-^^^ 7 

3 8 6 5 Onm^W— ifffi-^^^ 

3 9 Ga0.6Al0.4As$l KJf 

4 0 G a 0. 9 A 1 0. 1 A s #FJ1 
4 1 G a 0. 6 A 1 0. 4 A s Mtajf 

4 2 Ga0.6Al0.4Asl2 Kg 
4 3 ^fig^#Ftfli£ 
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